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INTERFERENCE OF WING AKD FUSELAGE FROM TESTS OF
17 COMBIKATIONS IN THE N.A.C.A. VARIABLE-DENSITY TUNNEL
COMBINATIONS WITH SPECIAL JUNCTURES

By Albert Sherman
SUMMARY

As part of the wing-~fuselage interference program in
progress in the N.A.C.A. variable—~density wind tunnel, =
method of eliminating the interference burble assoclated
with eritical midwing combinations was 1nvestigated. The
+ interference burble of the critical midwing combination
wng shown to respond to modifications aft the nose of the
Juncture and %o be entirely suppressed with little or no
adverse effecct on the high-speod drag by sveclal leading-
cdge Tillets.

INTRODUCTICHN

An extensive program of research is being conducted
in the H.A.C.A. variable~density wind tunnel on the inter=-
ference between wing and fuselage at large values of the
Roynolds Number (references 1, 2, 3, and 4). Reference 1
outlined the wing-fusclage interference program and pre-
sented the initial and basic parts thereof, comprising
test results for 209 combinations that represented, to the
widest practical extent, the most important parameters of
combination, such as! wing vosition relative to the fuse-
lage, wing shape, Juncture shape, and fuselage shape. The
discussion therein was fundamental in nature and treated
the interpretation of wing-fuselage interferencs.

It was soon evident that many combinations having ex-
cellent high-speed drag characteristics would be barred
from consideration in gny vpractical design problem because
of low maximum lifts. Specifically, the unfavorable ones
were moinly midwing combinations of round fuselages and
low—drag efficient airfoils of moderate thickness and small
canbor {e.ge., the W,A.C.A. 0012). A preomature flow break-
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down, or interference burble, wad uUsWally associated with
such midwing combinations, whether or not split flaps were
employed (reference 4), and was responsible for the low
maximum lifts. Interference burbles may vary in character
and severity, however, and may not serlously reduce the
maximum 1ift, as was demonstrated by some unfilleted low-
wing combinations. The different types of interference
burble were discussed in reference 1,

In the investigation reported herein, a study of the
interference burble of the critical midwing combinatlion
was made and a means for its elimination was derived. The
descrivntions in table V of the combinations tested indi-
cate the gscope of the experimental investlgation. .

KMODELS AND TESTS

The wing models emplgyed were rectangular 5- dy 30~
inch dursglumin airfoils of H.A.C.A. 0012, N.A.C.A. 4412
(sce reference 1), and N.A.C.A. 23012 (reference 5) pro=
filegs. The N.A.C.A. 0012 and 4412 airfoils are "standard"
for tho w1ng-fueelage interference investigation. The
N.A.C.,A. 223012 was included to show the effect on the inter-
ference associated with the use of a more recent profile.
These wings were combined only with the round fuselage
(reference 1), which is an airship form of polished dural-
umin, 20.156 inches in length, having a finencss ratio of
5.86. The split flaps were made of brass plate and had
sharpenaed trailing edges. They were 20 percent of the
wing chord in width, were full-gpan, and had the deflec-
tions indicated in table V. The junctures and fillets
were formed of .plaster of parig with either of two fin-
ishest sasmoothly finished plaster, or carefully rubbed and
polished lacquer. The type of finigh for each combina-
tion is specified in the third column of tadble V., Follow-
ing the tests reported herein, the lacquered finish was
adopted =s standard. Photographs of representative com-
binations are shown in figures 1 to 4.

The tests were performed in the wvariable~density wind
tunnel (reference 6) at a test Reynolds Number of approxi-
mately 3,100,000 (effective R = 8,200,000), In addition,
values of the maximum 1ift coefflclent were obtained at a
reduceod speed .corresponding to a test Reynolds Number of
approximately 1,400,000 (effective R = 3,700,000). The
tosting nroccdure and ‘test precision, which are practically
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the same as for an airfoil alone, are fully described in
reference 1. Since the tests of reference 1 were made, a
small additional correction of less than -1 percent has
been applied to the measurement of the dynamic pressure g
to improve the precision of the results.

RESULTS

The test data are given in the same manner as in ref-
erence 1, in which the methods of analysis and of presen-
tation of the results are fully discussed.

As in the preceding revorts of the interference pro-
gran (references 1, 2, 3, and 4), the test results are i
given in tables supplemented by figures. Table I contains
the characteristics of the wings alone and table II, those
of the fuselage. Table III presents the sums of the fuse-
lage characteristics and the interferences at various an-
gles of attack for sach of the combinations tested. The
values given represent the differences between the charac—
teristics of each combination and those of the wing alone
or of the wing with a full-span split flap. Obviously,
tho characteristics of the combinations themselves can, if
desircd, be obtaincd by adding corresponding items in ta-
blos I and III. Table IV of tho program (see referonce 1),
which prosents interfereonce data for disconnected combi-
nations, is not continued hersin because no additional
combinotiong of this character were investigated.

Table V contains the combination diagrams and descrip-
tions in addition to the principal aerodynamic character-
istics of the combinations. The values d/c¢ and k/c
represent the longitudinal and vertical displacements, re-—
spectively, of the wing guarter-chord axis measured (in
chord lengths) positive ahead of and above the guarter—
length point of the fuselage axis; iy is the angle of
wing setting.

The last ‘nine columns of the table present the fol-~
lowing imnortant characteristics as standard nondimension-
al coefficients based on the original wing areas of 150
sguare inches: )

a, lift-curve slope (in degree measure) as deter-
mined in the low-coefficient range for an ef-
fective aspect ratio of 6.86. This value of
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the aspect ratio differs from the actual value
for the models because the 1ift resulits are not
otherwisge corrected for tunnel-wall interfer-
ence. For the combinations with split flaps,
values averaged over the useful range of 1lift
coefficient are given. :

Oswald's airplane, or span, efficiency factor.
(See reference 1.)

minimum effective profile-drag coefficient

U g
(cD - o .- For the combinations with split
N T A fin :

flaps, average wvalues of the drag taken over
the useful range of 1ift coefficient and accu~
rate to within about 5 percent are given in-
stead. '

optimum 1ift coefficient, i.e., the 1lift cosffi-

cient corresponding %o Cp .
®min
acradynanic-center position indicating approxri-

mately the location of the aerodynamic center
ahead of the wing quarter—chord axis as a fracw-

tion of the wing chord. Numerically, ng
dcm : :
equals ——2£% gt zero 1lift.
acy,

pifching—moment coefficient at zore 1lift about

the wing quarter-chord axisg. For the combina-
tions with split flaps, average values of the
noment taken over the ugeful range of 1ift co-
cificient and accurate to within about 5 por-
cent are glven instead.

1ift coefficient at the interference burble,

i.es, the value of the 1ift coefiicient beyond
which the air flow has a tendency to break dowh
as indicated by an abnormal increase in the
drag. :

maximum 1ift coefficient given for two differ-

ent values of the effective Reynolds Number.
(See reforsnce 1l.) The turbulence factor om~
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As in refersnce 2, the values of the effective
Reynolds Number differ somewhst from those glven in refer-
ence 1 because of a later more accurate determination of
the turbulence factor for the tunnel, The wvalues of the
effective Reynolds Number given in reference 1 are sub-
Ject to correction by a factor of 1.1,

Pigures 5 to 7 present the variation wlth angle of
attack of the aerodynamic characteristics for certain
combinations, grouped so as to 1llustrate the effects of
variatlons in the interesting parameters of combination,
Angle-of—attack plots are more effective than polars for

aln o wm
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DISCUSSION

Mochanism of the interference burble.- The phenomenon
of the interference burble (i.e., a premature flow break-
down induced by the presence of an interfering body) asso-
ciated with many wing-fuselage combinatlons was discussed
in reference 1. That discussion will now be analyzed with
the purpose of clarifylng the picture of the interference
burble and of desscribing the measures effected for 1ts
suppression.

The origin of such a flow breakdown may be ascribed
to the action of two types of interference: boundary-
layer interference and potentlal-flow interference., The
term Y"boundary-layer interference'" refers to the changes
produced in the boundary layer of one body by the presence
of another body, Similarly, potsntial- flow interferencs
refers to the changses produced iIn the potential field as-
sociated with one body by the presence of another body.
As the interference burble is a sceparation phenomenon, it
is desirable that the interferences shaould be considersd
on the basls of their operation toward developing separa—
tion,

Consider the simple case of the rectangular N,A.C.A.
0012 airfoil intersecting a large thin flat plate disposed.
in its X-2 plane of symmetry, At a moderately high angle
of attack, the boundary layer of the plate must be drawn

L
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into the low-pressure area extending over the upper sur~
face of the contiguous airfoll sections., The inducted
low-energy air obviously thickens the boundary layer of
the alrfoil and reduces its resistance to the onset of
soparation, Thls boundary-layer ilntorference, then,
causes a premature stall of the juncture s€ctions as the
angle of attack is increaded,

Now, if the plain fiat plate is replaced by an air-
ship-shape fuselage 1n a conventional arrangement, poten-
tial-flow interferences are introduced, If the trace of
the fuselage in a Y-Z plane immediately ahead of the
root-section leading edge is consldered, it can be seen
that the induced upflow assoclated with the 1ift mus?t
have components of flow in this plane that produce a flow
pattern about the fuselage trace ansalogous to the potenw
tial-flow pattern about a cylinder, A short distance
back of the airfoil leading edge, this flow pattern tends
to disappear. TFrom the analogy of the potential flow
about a cylinder, such a flow can be considered as pro-~
ducing positive pressure increments at the noso of the
wing rdotes for the high-wing and low-wing combinations,

For the midwing combination, however, it would produce

negative pressure increments. These positive and negative .
pressure incremsnts are equivalent, respectively, to fa-

vorable and adverse pressure-gradient components in the

stream direction at the wing roots. -

At the rear of the upper surface of the wing roots,
the geometry of the combinatlion describes a region of
divergence in the low-wing condition and of convergence
in the high-wing condition, as compared with the wing
alone, A%t the nose of the Junciure, these condltions are
reversed, Divergences and convergences induce, respec-
tively, adverse and favorable pressure gradients,

Consider now a high-wing comblnation of the round
fuselage and the rectangular N,A,C.A, 0012 airfoll at an
angle of attack corresponding to a moderately high 1lift
coofficlent, A low-pressure peak exists at the nose of
the airfoil section and is followed by rising pressures
in the direction of the tralllng edge; in other words,
there is an adverso pressure gradient, As the angle of
attack is increased, the boundary-layer flow finally
falls to progress against the growlng pressure gradient ,
and separation ensues, For the N.A.C.A. 0012 section the
drop in 1lift is large, the separatior 1s sudden, and 1t
is critically affectéd by conditions near the leading .
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edge, (See discussion in reference 7 relative to stalle
ing.) At the Jjuncture, however, this picture of the _
stalling process is modified., 3Both boundary-layer and
potential-flow interfereaces are operating, The boundary
layer interference and the divergence at the nose are
both promoting sarly separation, The convergence at the
rear of the Jjuncture and the ¥-Z plane componenit of flow,
previously mentioned, are iafluences toward reducing the
adverse pressure gradients over the upper surface of the
juncture sections and thus delaying the burbdble, On the
other hand, the tendency of the downwash distribution to
malintain the load distribution over the wing-fuselage
juncture may act to overload the root sections and cause
an earlier stall, The combined effects of the interfer-
ences, however, are apparently small for the high-wing
combination; the interference dburble does not occur ap-
preciably before the maximum 1ift, which is about the
same as for the wing alono, (See table Vv, reference 1l,)
The substiiution of different wing profiles does not
change this resulst,

The correspounding low-wing combirnation is subject to
the same types of interference as Jjust described, except
that the reglons of divergence and convergence are inter-
changed at the wing root, At a moderate angle of attack
the various interfersrces produce separation over the up-
per surface of the wing at the rear portlon of the Junc-—
ture (the interference burble). As the 1lift is increased
with angle of attack, the dead air drifts outward, pro=
gressively increasing the area covered by separated flow
and making it more 4ifficult . for the flow to maintain it~
self over the leading edge than in the unseparated condi-
tion at the same 1lift coefficient. The potential-flow
interference at the nose of the wing root apparently acts
to inhibit early flow breakaway there, and the combination
continues to develop 1ift, . but &t a lower rate than beforse
the occurrence of the inberference burble, until the angle
of maximum lift is roached., A more or lesss sudden separa-
tion of the flow over most of the upper surface then oc-
curs, The value of maximum 1ift, however, does not appear
to be seriously reduced by the early trailing-.sdge separa-
tion of the root sections, (See reference 1,) It should
therefore be evident how an expanding fillet that fills
the divergence at the rear of the juncture alleviates this
form of interference burble and how the substitution of .
different airfoil sections (which can produce little
change in the ekxpansion of the juncture) can have only a
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smdll effect on the occurrencs of the burdble, (Compare
. reference 1.)

The midwling combination pressents a somewhat dliffer-
ont picture. The component of flow in the Y-Z plane now
acts to increase the adverse pressure gradient over the
forward portions of the contiguous airfoil sections, The
interference of the fuselage on the load grading over-
loads those same sections, and the boundary-layer inter-
férence also operates to induce a premature burdble, The
result is an early ianterference burble when ths airfoll
is, 1ike the.N,A.C,A, 0012, sensitive to leading-edge
stalling. In other words, the interferonces combine to
produce a separation of flow from the leading edge of the
root sections at a moderate angle of attack, As the an-
gle of attack 1s increased, the combination continues to
gain 1ift, but more sltowly. The value of maximum 1lift is
low, howevor, since the entire center portion has been
stalled well before tkhe angle of maximum 1lift is reached,

Suppression of the midwing interference burble.~ In
the investigation reported in reference 1, plan-form fil-
lots designed to unload the wing-root sections were added
to the critical midwing combination of the round fuselage
and rectangular N.A,C.A, O0Ll2 airfoll, Very little effect
was produced as regards the interfsrence burble or the
"value of maximum 1lift, The same result had previously
been found for ordinary tapered fillets,

i

Marked effect in delaying the interference burble
and minimizing the loss in maximum lift coefficient re-
sulted when the wing-root sections were changsd to loss
seneitive profiles, that is, proflles showing moderate
adverse pressure gradients in the leading-edge regions
(e.g., the-rectangular N,A,C.A, 4412 and the taperecd
N.,A.C.A, 0018-09 airfoils (re;arence 1Y). Since cambered
or thick airfoils, however, exhibit too large wvalues of
high-spesd drag coefficient, it is dosirable to supprese
the interference burble associated with low-drag airfolls
of the critical type in midwing combinations, ‘

Surface finieh at the juncture.- Surface finish isg
known to have a powerful effe¢t upon boundary-layer phe~
nomena., At very low Reynolds Numbers, a roughened air-
fo0il surface may show a tendency to increase the maximum
1ift coefficient through inducing sarller transition.

(See the discussion in reference 7 relative to scale effect
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Number, however, trapnsition generally occurs so close %
the separation point at high angles of attack that the
effect of surface roughness is mainly to increase ths
thickness of the boundary layer. Thickened boundary layers
are less resistant %o separation than thin ones,
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In the iavestigation of combinations with split flaps
(reference 4), a combination of the round fuselage and
rectangular N,A,C.A, 23012 airfoil in a semihigh-wing posi-
tion was included to determine the interference assoclated
with this modern section in an efficlient combination, An
adverse interference on maximum 1ift was evident. In the
investigatlion reported herein, the elimination of this ef-
fect was first attempted., The tapered fillet for the com=-
bination with split flaps was modified to effect a change
in the wing-root sections. The forward portion of the
fillet was enlarged, extended, and drooped to simulatse
noncrlitical airfoil profiles (combination 289; leading--
edge fillet 1 as in figure 1), A further adverse effect
on the maximum 1ift coefficient resulted, The wing-fuse-
lage modele heretofore were formed with plaster of paris
Junetures or with fillets having carefully smoothed sur-
faces, It was doubted, however, that these surfaces were
gsufficiently smooth to minimize bPoundary-layer interfer-
ence dues to surface roughness, A carefully rubbed and
polished lacquered finish, therefore, was next applied to
the plaster surfaces at the juncture and the combination
retested, The result was a definite improvement in the
maximum lift, (Compare combinations 289 and 290, table V.)
At this point, it was decided to continue the investigation
(as regards suppressing the interference burble) in a sys-
tematic manner with the midwing conbination of the round
fuselage and the rectangular ¥,A,.C,A, 0012 airfoil, which
ig the standard critical combination in the wing-fuselage
interference program,

The new polished lacquer finish was applied to the
plaster surfaces at the juncture of this midwing combina=-
tion but showed no appreciable effect on the omnset of the
interference burble or the low maximum 1ift, When the
new finish was applied to the same combination with or-
dinary tapered fillets, however, an appreciable increasse
resulted in the maximum 1ift of the same order of magni-
tude as that shown by combination 290, and the interfer~
ence burble was delayed (fig, 5)., The gein, howevser, did
not eliminate theo adversc interference of the fuselage,
It appears that a high degree of refinement in surface
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finlgh id relatively ineffective on combinations showing
strong unfavorable potential-flow interferences and, con-
versely, (it may be inferrocd) that a good combination
might be lmproved by a vory smooth surface finish, espe-
cially in critical regions,

Iiseading-edge flllets,~ The parameter of combination
that had most effect upon the interference of the midwing
condition was the wing proflle., Moderate-camber ar thick
wing- sections showed little susceptibility.to an interfor-
ence burble. The explanation is, probably, that the non-
critical flow conditlons at the leading edge associated
with such profiles (as contrasted with the N.A,G.A. 0012,
for example) are capable of absorbing the interference of
the fuselage without serious results,

The next step was, therefore, to changs systematical-
ly the root sections of the critical midwing combinations
to less sensitive profiles by means of filllets, A series
of such fillets was investigated (leading-edge fillets 2,
2a, 2b; combinations 294, 295, 296, 297) that oxtended
0.45¢c laterally from the wing root and various distances
forward from the leading edge. (See figs. 2 and 3.) The
forward portions of the fillets were drooped, had in-
creased leading-tdgo radii, and were fairod into tho wing
and fuselage, They were all successful in that they
raised the value of the maximum 1ift of the combination
to the neighborhood of that of the wing alons, suppressed
the interference burble, and incresased the. mlnimum drag
only slightly. Their charactoristics improved as tho
amount of the forward projection of the fillet beyond the
usual wiang leading edge was reduced, A second series was
therefore investigated (leading-edge fillete 3, 3Za, 3b,
3¢, 34; combinations 298, 299, 300, 302, 303, 304) in
which the nose length of .the fillet was_practically Zero
and the span length was varied, At the intersection the
fillet was made to form the N.A.C.A., 43018 (3,8-percent
camber at 15 percent behind the lsading edge) section
(reference 8) with its zero 1ift direction agreeing with
that of the wing, (See fig., 4.)

Fillets with span lengths 0.15¢, or greater, raised
the value of the maximum 1ift to egual or exceed that of
the wing alone; the longer the span length, the highber
the maximum 1lift (fig, 6). Little gain, however, was ob-
tainable by lengths greater. than 0,3c., Other effects of
the series 3 of leading-odge fillets wero: The suppresion
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of the interference burble before the stall and the ab-
sence of adverse Influence on the minimum drag; and the
snabling of split flaps, when appliled to the critical
midwing combinations, to realize theoir full increment.
(See table V.) It is interesting to note that. the maxi-
mum 1lift obtained with split flaps arnd leading-edge fil-
lets applied to the midwing comblination of the W.A.C.A,
0012 airfoil (combination 300) was practically the samec
a8 that obtained when a medium-cambersd asirfoil (N.A.C.A,
4412) with ordinary tapered fillets (combination 301l) was
substituted, The minimum drag and pitching moments for
the ¥,A,C,A, 4412 airfoil combination, flaps retracted,
however, were very wmuch greater than for the N,A,C.A.
0012 airfoil combination, (See reference 1l.)

The relative influence of the leading-edge and trail-
ing-edge portions of a fillet is indicated in figure 7,
which presents the characteristics for midwing combina-
tions with various fillets, When the tapered fillet is
considered, however, the effects of the radius at the
ieading edge should be borne in mind; and, when the lead-
ing~edge fillet alone with the trailing-edge portion removed
is considered, the adverse effect on the divergence should
be noted. Nevertheless, the figure demonstrates plainly
that a fillet designed to counteract the interference at
both ends of the wing-root chord is the most effective,
Such behavior is in accordance with the nature of leading-
edge and trailing-cdge stalling as discussed in reference
(4

Application of Leading-Kdge Flllets

In figures 5 to 7 many double lift-curve peaks are
noticeable, Where the doublses peaks are both sharp, the
1ift at the first peak fairly high, and the drops nearly
equal, the explanation is probably that one wing pancl is
stalling ahead of the othor, The 1ift curve in figure 7
for combination 292 illustrates how double peaks might
apoear waen the wing center stalls early, the tips fol-
lowing gradually. The center stall is a highly desirable
characteristic for an airplane from considerations of
control and stability, For this reason, the use of lead-
ing-edge fillets might sometimes be inadvisable, They
can be employed to advantage, however, to fillet outboard
nacelles on multiengine sirplanes., Leading-edge fillets,
where used, should be provided with very smooth surfaces
for most effective rosults.

Langley MHemorlial Aeronauntical Laboratory,
National Advisory Committee for Aeronauvbtics,
Langley Fileld, Va.,, February 9, 1938.
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TABLE I ~ AIRFPOIL CHARACTERISTICS

Gn 0 }
Alrfoll % | e |%cse| 5| % |%mess| % | e [cmc/q
a= o o = Y4° o = 12°
1 [
Rectangular H.A.C0.A. 0012 0..000{ 0.0080 |0.00010,307 |0.0087 {0,003 | 0,920 [0.0150{ 0.00k
Rectangular ¥,A.C.A. 23012 .090| .0085(~.006| .400| .0095[-.004{1.025 | 0161 ~.007
Rectangular N.A.C.A. 0012 with 0.2c
split flap deflected 60° 2975 J1718([-.204/1.268| .1736(-.207|1.819]| 41755|~.213
Rectengular K.A,C.A. 23012 with 0,20
aplit flap deflected 60° 1.0M9] .1726(-.207]1.34 | L1738(-.211{1.895| .1754|-.2L8
6 = B0 o =P a = g°
Rectangular ¥.4.C.A. 4412 l--0.006 0,0097 |-#8020.298 |0.0095 {~.087 0,899 [0.0136]-.084
TATLE IT ~ FUSETAGE CHARAOTERISTICS
Fuse—| En- 1 1 ! g 10, C
T Bne| % | % [Cup| O | O |"Omp| O | Cp | Omp| O | Op |"Omp | % | Cp | *Gmy
a = 0° a = ¥ o = &° a = 12° o = 16°
Round| None {0,000 001 {.000}.001 | .00M2(,016|.005{.0049 | .028.011|.0062.035 | .019] .0085|.038

lPitching—momant coefficient about the quarter-chord point of the fuselage.
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TABLE III - LIFT AND INTERFEREWCE, DRAG AND INTERFERMNCE, AND PITCHIRG MOMENT
AND INTERFZRENCE OF FUSELAGE IN WING-FUSELAGE COHBIRATIONS

| ACy A GDe Acmc/* A Oy, AcDe Acmm A Cp, Mne Acmc/4
Gombi- : :
nation
a = Q% L= Yo a = 120
*289 | -0.076 | -0.0208 | 0.012 | -0.0%6 1 -0.0100 | 0.016 |-0.027 {—0,0068 | 0.030
290 - | ~ - - - - - - -
C 281 - - - - - - - - -
292 003 .003F -.002 .026 .00U0 .005 »058 ,0055 016
293 D03 003 -.002 035 .0036 003 071 «0050 .012
29l .012 .0038 ~.003 037 0011 010 .090 00l JO34
1292 .003 .00l2 ~.Q02 030 L0042 .008 078 ool 024
29 - - - - - - - - -
297 .001 L0042 ~.00 032 .00kl .00k 080 L00U6 019
%58 009 0036 ~00% | .037 .0039 00k 078 .0051 .016
299 .003 .0039 =007 .0%3 0038 .000 072 | - O0WO 010
1200 ~,089 | -.0072 027 | -.076 | -.0064 L030 | ~,043 | -,0041 LOhb
0 =40 a= Q% a= RO
1 301 - - - - o - - - -
Q= 0° qQ= 1{_0 Q= 120
302 | 0.009 | 0.003% | ~0.002 | 0.037 | 0,004 o.oooa 1 o0.081 | o,00k0 | 0.015
‘303 . 010 0033 -.001 .03 0037 .0 076 .0043 013
304 .006 +0033 ~,002 .03 0037 00 071 0055 013
305 .007 0033 ~+003 033 0035 .00 .065 .00 018

! The values glven represent the differences between the characteristics of each combination
and those of the corresponding alrfoll with full-epan.split flap.
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TAHLE ¥, - FRINOYPAL AEACDYMNIC OHARAQTRRISTION OF WING-FUBEIAGE OONBINATIONS

LAfS ooef-

unf; Yortl- | Angle |Lift- | span Asrody-
: Gom- Posl- ol e A -l Pagse | ovt |omnter | ™o Satsstoratas| Bffoo |RITeo-
Magrans repropanting cosbinations ﬂ:{. Regmarka tion L1 TL:LWI(W o] ot powition b:;:‘.l.n ;J.:o ;1:.
g, degre ° n dax |3.7x
oo Mo |f “A-E-BS ° iv 10 10¢
Reatangular N.d 0.4, 23012 alrfoll with ronnd fusslage
- | vivg atone - - - |o.o78 ho.ss |o.00e5|0.12 |0.007 |-0.007| A6 %.6 | i
’ l'd. faiie r T %; 52
- | g2y r:u.;":" - " - | o - A7 | - - -2l - 3m | 2.0k
60
‘/I\ Tapaned (lam w| o | o ouy| . | .o16 as| M bons | P
r Jk‘j — E“ pl.nhr finiah. o] . . -5 . T [ - 15 1] v
- a
’
AN - Flaster fintamt’| 0 a0 e | - qras | - | - a9 | - ‘a0
f = | = | 87 split flap
L/
T Lz, pew
)
E 7| = } i ':;ﬁi"f-ié' ¢ G| e || - |Tas - - .19 - "96| 2o
L&, ;
[ e dA- v | eso | Ganceer fintshs | o A6 o | - - - - - - - 25| e
. = 1 mplit £lap
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TARLE V.(Oontimed)

) )
-~ | Verti~ Laft~ Asrody- Lift apaf~ p
Oom- —— tudinal ual.i i~ |onrve 3;?_ a; ol'o paMlo- i::::::t' Efeo-]| gttec
Dingmas represmnting soubisations tion o fion | Sion ‘:'“ ﬂ?:rp' Slenoy Sin | w:_“' %, | enoe carble ‘:': sve
v degres) tlon t .px | 572
afa /o | (deg.) A-E.BS . 2o ol-,.\,
wpnlar N.A,0,A, G012 airfoil with round fuselags
(From refernca b,
@ T | L) Faser | 0 0 o |o.060  o.86 [0, ]0.00 |o.oe0 [o000]| 2o L | PLeo
@ 89 | Lagmr finish | O© 0 ) oo | .5 | .oms| .00 | Loms |-cos| Pz .90 | P
- (I‘rr ruf'rm-
187 nnm.p:m-ﬂ 0 0 o 000 [ .85 | .om5| o0 0% | 00| Pre .38 M.ea
Tapsred {A1llots;
293 |lmequer fimieh | 0 0 ° 083 | .85 | .outa| 00| om0 |-00m| Az B38| P13
L.E, £i1leva 2;
@ 24 | Lnoquex Tistek' | 0 o o | .ces | *es| .| .| 008 [-00u| s bioo { Bl
LR, fillets fus . a
@ 295 |1laoguer timimn | o 0 0 o83 | “on| .mma| .0 | om0 |-002| M 108 | Pr.as
' /-I\ LE, filiens ga;
s 0 o 0 - - - - - - - %.17 | %.0x
 m— —a \i/_ — Ip111 ﬂ.»
L.E. f111a%s ﬂh .
297  |lheqeor Tinish | © 0 a 064 | ‘a5 .o 00| .48 |-008| Mus %.e8 | brar
- LN, fillsta 3, .
W (0.6 ; o .oms| .co| . -008| As .85 M.
spend; 0 o | om | ‘s om
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TABLE V. {Gouolnded)
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: Tl P PR P - S e
= naml
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t1om lon tion iy zm )M“ E.;_- B | enoo borbl t;ve tévo
- -
d/o /o | (deg.) ?“ 8 n:‘ UL“ 8.3x 36;:
46,56 10 1
Rootanmular ¥.A.0.4. O0LF adrfoil wish round fusslage
L.E. fillete B, .
@ R e 0 0 .0a8 | ‘s | 0us| o0 | .o |-.c08 | M.a .8 | 1.8
L.X. fillgta 3a,
L 1| i o Tomar tialan, | ° 9 0 .oma - |lay | - - [t - %32 | %m,14
\l/ with B0° split’ ’
flap
ot
Reotanaular N.A.C.A. 4412 ailrfoll with round fuselige
% ' Taperad fillsta ’
E ﬂ\L ] | ™ | iagquer fiaten:’ y . i
\'I/ 80° split 0 0 () .08 - .18 - - -84 - °a.B¢ | 52,20
Ractangular %.A.0.A, 0012 alrfoll with pound Tuselage
308 | L.X £fillokx 8b
hm‘;mh“’ 0 ] 0 086 | *eg | o014 | .00 | 0B o003 | e .02 | Mg
L.E £\letm 3o, 4
el e I 0 0 088 | ‘es | .ons| 00 | 0m [-.008| .o 9 58 | Bras
! }
L-E. rilless 34,
| 304 o.omw:h’ ) 0 o ose |“es | .ome| 00 | om [-.002| ha DRTR R
- L.E. fillats 2o,
a. H
208 mla'h:"ﬁln, 0 0 0 ool | "o | omz| 00 | om0 |wo0s | M b as | %
with £il
sealling «dge

“Latters refor 4o Wypen of dosg ourves Assonistod with the pterferanca burhla

Cuip*Clonax |
ne g, ! Cn,
- Lib 1p
TtrpeAcn Typa B o Type C -

ag Tollows: "atters reter to aondition at maximm 15t as follows: .rannmmy steady At O |
Pasml). Joas of 2124 bayond Oy ; “largs loas of 1iru bayand Oy and wnosrtain
yalue of 01 -

*Poar agressent in high-spasd rangs,

‘Poor agreapent ovey whols rango.

"Poor agreomsnt in Migh-11L% rangs.
“Rapid inoresse in dreg [recading gefinits breakdom,
TYalus tHAT 1s AYeraged over upeful rangs.
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X.A.C.A. Teohnioal Hote Fo. 6841 Tigs.l,3

Figure 3. ~ Combination 394, showing leading-edge fillet 3.
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FMgure 4. -

Combination 299,
with leading-edge fillet 3a.




X.4.0.A. Technical Note No. 841

Ng. b

3.4 } .12
Oontlaiution 137. Flaster finigh ~~ ——ou—yQ
! I 1 I !
] T | \ ] |
- C— .
T T 4 |
T T T T 3 T
Qombination 393. Lacquer finish —X l
3.0 1 ] I 1 v 1 .10
. Tt 1 ] .
1.8 .09
!.
1
o
Wing alone — A H !
1.8 L o 08
' a
1 /‘ (]
’ 4 y
A E
1.4 ' T 07 o
i 7
Pk A g
T T (-3
'l/{‘// Bz N ' "
1.3 A ‘)/ s “\f os o
5
ij //:’ 8 \&i, 3
-4 4 £ e o
3 /s : T H
o 10 7/ T .05
T o
g 7 :
§ L ! ! L E
& 174 /| i
Hq .8 7 ; - / .04
/4 .
* 'l H
; i /
.6 H ji”‘ 7 .03
i
i L /
4
/ //
-4 v 038
 — s
.2 QL
o Aﬂ@ 2 > o
'\‘J;\ <
3
g
~ B
-.3 \‘\ Aig
Y /e 43
S~ 3:3
~_ =8
-t S .3
—d
-4 [] 4 1.3 1€ a0 a4 28 32
Angle of attack, o, deg.
fuselage combination. Reotangular

Figure 5. - Effect of surface finish at junotures of a critioal wi
round

¥X.A.0.h. 0013 airfoil and

fuselage with tapered

1lets.

Midwing position.



X.A.Q.A. Technical Note No. S41 Fig. 6

3.4 .12
L] 3

Gombination 893 —— —— ——X
sz PR N _ _ 1
1T 11 ]
a0 <@> Leading-edge fé;:.;t .10
Oonbimtion 88 ~———--—-- 3 0.8
DB : =
' 30 ‘15¢
1.8 26 .07|5¢ 08
% OL
1.8 ] .08
1) °
A iz £
s | -
A Jlioek £
1.4 % T+ .07 g
D ol ot
¥ i i &
1
I % 5\‘%‘\\ .08
(-] / i b
-B. // \- L
g 3 % ~3 -t
: // i P | §
8 1.0 t .05
b o 2
s g —t—t 2
: ZARBIRY Vi :
7 I e
) - 7 i
§

SN
'\
o
L3

..; B/mu
ARENV

R:] - 03
Va /
/
s % > [ 7 .03
v{/ S,
2 L .01
° B °
. >
s H P
-3 Al Teft -1 E‘é
t 8
2
2%
-3 - ~~§r4__,573
-4 0 < 8 12 s 20 1Y a8 33

Angle of sattack, « , deg.

Figure 6. - Lffeot of speoial lasding-edge fillets on the interference burble. Rectangular N.4.0.A.
0012 airfoll and round fuselsge. Midwing position,



N.A.0.A. Technical Xote No. 641 rg. 7
3.4 I I I I I "
C = >
2.3 .11
Oon‘bim.tion 898 ——~~=e—————
2.0 C i .10
Oombimuon W —0m — — ——x
1.8 T ~ ' o8
aou:bina.tion 308 —— =~ ————=— .
OOIbinl.tion 303 _--——'—-—-V |
—t—t— X <
! c
Wing slong — A )P{ [ A ¥ L
1.4 o7
&
1.2

4
.

o
™

146 ooeffiolent, Oy,
v
(=)

f"
V4
3
Effootive profile-drag coefflcient, OD
(]

%
i

\\K
N

.8 .03
?/ //
. / / o
. — — .
/ ’_/ ./
g %
.2 — ] : .01
0 | = °
\\*_’k H
O-O/‘ %

-3 tvL\ -1 iéol
-,
-4 ~. \Jf -2 Eé
' < 5%
zne

=& o r 20 2t 28 3a~-3

8 13 18
Angle of attack, o , deg.

Tigure 7. - Gharaoteristice for various fillet shapes. Rsctangular N.A.0.i. 0013 eirfoil and round
fugelages. Midwing positionm.



